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A technology of obtaining the single-phase ceramic samples of La1-xKxMnO3 manganites 
and the dependence of their structural parameters on the content of potassium has been 
described. Magnetocaloric effect (MCE) in the obtained samples has been measured by two 
independent methods: by classical direct methodic and by a method of magnetic field 
modulation. The values of MCE obtained by both methods have been substantially differed. The 
explanation of the observed divergences is given. The correlation between the level of doping 
and MCE value has been defined. The value of TC determined by the MCE maximum has been 
conformed to the literature data received by other methods. 
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Introduction 
Magnetic cooling based on the magnetocaloric effect is simple, convenient, and 
promising technology of cooling. Therefore, the materials with large magnetocaloric effect are 
actively searched and examined [1]. The great values of MCE are observed in the rare-earth 
elements and the alloys based on them, owing to the large magnetic moments of the atoms in 
these elements [1-4]. Of late years the new magnetocaloric materials (manganites, Heusler’s 
alloys) arouse interest. The maxima of MCE are great in these compounds and revealed near 
room temperatures. A substantial advantage of these materials is an ability to adjust the 
temperature of phase transitions over wide limits, including a region of room temperatures by 
means of a change in the concentration of the chemical elements in them. 
The doped manganites have a number of interesting physical properties; the colossal 
magnetoresistance, phase separation, co-existence of different types of orderings, etc. Most 
significant values of MCE are observed in the majority of manganite compounds. Physical and 
magnetocaloric properties are extensively studied for manganites doped with divalent alkaline 
earth-elements [3, 5-9]. The manganites doped with univalent elements have been begun to study 
relatively recently; in this case, the researchers pay the greatest attention to the system of La1-
xAgxMnO3, which is characterized by rather substantial values of MCE and temperatures of 
phase transitions convenient for the practical applications [10-12]. 
The system of La1-xKxMnO3 has not been studied minutely; in any event the works 
devoted to the physical properties of this system are very few [13-19], and publications 
providing the data about magnetocaloric properties are even less [20-23]. Moreover, MCE in the 
majority of these researches is evaluated intermediary, by measuring the magnetization, using 
the Maxwell correlation ( )∫ ∂∂=∆ H H dHTMS 0 (∆S is a change of magnetic entropy, M is 
magnetization). 
This work is devoted to the research of the magnetocaloric properties of La1-xKxMnO3 
manganites (x = 0.05, 0.1, 0.11, 0.13, 0.15, 0.175) in magnetic fields from 500 Oe to 11 kOe. 
 
Samples and experiment 
The La1-xKxMnO3 samples were synthesized using a Pechini route from Mn(NO3)2, 
La(NO3)3, and K2CO3 (“Reakhim”, “pure for analysis” grade). A stoichiometric amount of 
K2CO3 together with citric acid and ethylene glycol were added to a solution of Mn and La 
nitrates. The solution was evaporated at 60 °C until gelatinous state, and the gel was decomposed 
at 600 °C for 5 hours in air. The obtained powder was pressed into pellets which were placed into 
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powder of the same composition to prevent potassium evaporation and annealed at 1000 °C for 
30 hours in air. 
All solid solutions La1-xKxMnO3 (LKMO) have rhombohedraly distorted perovskite-type 
structure. The powder XRD patterns of LKMO show that degree of such distortion decreased 
with increase of potassium concentration (x), what is apparent through decrease of splitting in the 
pseudocubic reflections (Fig. 1) and reduction of rhombohedral angle α (Fig. 2) with increasing 
of potassium concentration. An approach of the rhombohedral angle α to 60° indicates a 
decreasing of rhombohedral distortion. Sample with x=0.2 consists of a perovskite-like solid 
solution (La,K)MnO3 and a K-rich form of birnessite KyMnO2. In our previous work was shown 
that samples with nominal composition La1-xKxMnO3 (x>0.18) consisted of three main phases: 
the La0.82K0.18MnO3 perovskite, K-birnessite K0.49MnO2 and minor amount of potassium 
manganite K2MnO4 [24]. The structure of LKMO can be represented in both hexagonal and 
rhombohedral unit cells. The cell parameters of LKMO are determined from XRD patterns get 
from powders with addition of high purity silicon as internal standard. Results for unit cell 
parameters are presented in Table 1 and Figure 2. 
All powder XRD patterns of LKMO solid solutions were collected at room temperature. 
In this case, because of different temperatures of the ferromagnetic ordering, one part of the 
samples (x<0.12) measured in the paramagnetic state and the other part (x≥0.12) in the 
ferromagnetic state. It is possible that lattice of solid solutions with x≥0.12 was distorted due to 
spontaneous magnetostriction, that causes the feature of potassium content depending of the 
lattice parameters of LKMO solid solutions. 
A cation composition of the prepared samples was verified by an atomic-emission 
spectrometry of induced coupled plasma and mass-spectrometry of induced coupled plasma. 
Table 2 summarizes the results of the chemical analysis of samples sintered at 1000 °C. As can 
be seen, the defined composition for all samples is practically equal to the nominal one. 
As noted above, the magnetocaloric effect was measured by two methods. The first is the 
classical direct method, in which the adiabatic temperature change of the sample is recorded with 
a change in magnetic field. The essential defect of this method is labour- intensiveness, and also 
the need of massive samples, which are required for exact measuring of temperature change. The 
second method, proposed recently in [26], is a modulation method, which has a number of 
substantial advantages. First of all, it is a great sensitivity of the method, what allows of 
measuring the MCE with slight changes in magnetic field. The massive samples are not required 
for the study. The characteristic sizes of the investigated samples have been 3x3x0.3 mm3, 
though the method allows to measure super-small samples of 10-20 µm in thickness. The 
measurements have been carried out in quasi-adiabatic regime, which considerably reduces the 
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time of the experiment. The average time required to measure the MCE in the temperature range 
of 100 K has been about 2 hours, which is in several times less than required by the standard 
method. 
 
Results and discussion 
Figure 3 shows the temperature dependence of the MCE in samples of La1-xKxMnO3, 
measured by a modulation method with the amplitude changes in magnetic field of 500 Oe. As 
seen in Figure 3, the temperatures of effect maxima grow with increasing in concentration of 
potassium from T= 186 K for x=0.05 to T=333 K for x=0.175. If we exclude the composition of 
x=0.05, where the MCE value is substantially less and observed at low temperatures, then the  
temperature interval, where the effect maxima fall on, is equal to 270-330 K for x≥0.1, i.e. it 
covers  the room temperature. As a factor defining the MCE value in manganites is the 
quantitative correlation between the different valence manganese ions of Mn3+ and Mn4+, which 
realize the double exchange interaction: the more such pairs, the larger the magnetization and 
magnetic entropy change, i.e. the MCE. Meanwhile, the experimental facts show that the greatest 
values of MCE in manganites have been observed in the Mn3+/Mn4+≈7:3 [27-30]. This 
correlation between the manganese ions should be at x=0.3, assuming that each introduced 
divalent metal ion produces one ion of Mn4+. Such correlation for univalently substituted 
manganites will occur when x=0.15 [31, 32], as in this case for every ion of univalent metal two 
ions of Mn3+ must pass into the state of Mn4+ in order to save the charge balance. The analysis of 
our experimental data shows that for the system La1-xKxMnO3 the MCE value grows with 
increasing of x, reaches maximum at x=0.13, and further increasing in x leads to decrease of 
effect magnitude. It can mean that with x>0.13 a part of the newly formed ions of Mn4+ 
participates in super-exchange interaction of Mn4+−O−Mn4+, what is favorable to 
antiferromagnetic ordering and therefore the volume  fraction of ferromagnetic phase has been 
decreased in the model. 
A measuring of MCE is a sufficiently precise indirect method to determine the ТС of the 
magnetically ordered materials. According to [33], the MCE maximum is observed in a point, at 
which the heat capacity in the magnetic field is equal to the heat capacity in the zero-field, i.e., 
CP(T, H)=CP(T, 0) and this point always locates near or above the heat capacity maximum 
temperature. If we plot the dependence of Tmax by the different values of magnetic field H, then 
the Tmax value of magneto-caloric effect extrapolated to the zero-field coincides with TC of this 
material. Actually, it means that Tmax of magneto-caloric effect in the low magnetic fields is 
equal to TC. The TC values, obtained thereby, for fields ∆H=500 Oe are shown in Table 3, and 
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the experimental data for one sample are presented in Figure 4. For comparison here are shown 
the TC values, obtained on the basis of the data analysis CP(T). As can be seen from the Tables, 
the TC(x) values determined by both methods approximately coincide with each other and 
literature data [13, 21, 23]. They have a general tendency: ТС grows with increase in level of 
alloying for entire interval of x=0.05-0.175. At the same time the certain data testify to that the 
dependence of T(x) passes through the maximum in some univalent substituted manganites [32, 
34, 35]. The observed differences can be caused by the large difference in ionic radii of La3+ и 
K+. The doping level of x effects on ТC by changing the average ionic radius of A-cations Ar  
and occurring a disorder, due to the difference in ionic radii of cations in the A-sublattice, 
defined as 2222 ∑ −= Aii rrxσ  (xi is a concentration of i- cation, ri is the radius of i- cation). 
Both of these factors effect on ТС differently:  the growth of disorder parameter
 
2σ  leads to 
reduction of the exchange interaction and a decrease in ТС, while a growth of  Ar  increases the 
ТС [36, 37]. 
The experimentally observed growth in ТС with increasing x can only mean that the 
degree of effect of Ar  on the ТС in the interval of potassium concentrations exceeds the 
influence connected with local distortions of crystal lattice determined by σ2. Actually, a great 
difference in ionic radii of La and K ( Α=+ &18.13Lar , Α=+ &52.1Kr ) leads to a rapid growth of 
++ ⋅+−= KLaA rxrxr 3)1(  during alloying, ractification of Mn-O-Mn bond, amplification of the 
exchange interaction, and therefore increase in ТС. 
The maximum of MCE values vary within the range from ∆T=0.027 K in 
La0.95K0.05MnO3 to ∆T=0.136 K in La0.87K0.13MnO3 with a change in magnetic field of 500 Oe. 
The linear extrapolation of МCE values, obtained at ∆H = 500 Oe, to strong magnetic fields 
(∆H=10 kOe) provides ∆T=2.72 K for La0.87K0.13MnO3. 
This value approximately corresponds to the maximum magnitude of magneto-caloric 
effect in gadolinium with the same fields [1]. MCE measurements by the direct classical method 
at ∆H=10 kOe have shown substantially lower values of MCE for the same samples (Fig. 5). It’s 
not reason to attribute this mistake for the modulation method, as extrapolated data for 
gadolinium, obtained by modulation method in low fields, approximately coincide with MCE 
values in strong magnetic fields. 
Therefore, it is possible to assume that the difference in the values of MCE, obtained by 
linear extrapolation from one side and measured in the strong magnetic fields from another side, 
are connected with the nonlinear field dependence of MCE of the investigated models in field 
ranges of 0-10 kOe. 
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Indeed, a nonlinear connection between ∆Smax and ∆H in a wide range of magnetic fields 
up to 60 kOe has been revealed in La0.7Ca0.3-xKxMnO3 [17] and La0.7Ca0.2Sr0.1MnO3 [27]. It may 
mean that the extrapolation procedure used for manganites La1-xKxMnO3 is not entirely correct, 
and it is necessary to specify the nature of the ∆T=f(∆H) dependence for the objective 
evaluations. 
For this purpose magneto-field dependences of MCE have been investigated for two 
samples - La0.87K0.13MnO3 and La0.85K0.15MnO3 close to TC (Fig. 6). Obtained data are 
approximated by expression ∆T=α⋅H0.91 (α is constant of proportionality) for both of models. At 
the same time the ∆SM=f(H) dependence calculated in the approximation of the mean-field theory 
near TC has the following form [38]: ∆SM=β⋅H2/3 (β is a parameter independent from temperature 
and field). In recent researches in [39] it was shown that ∆SM~Hn, where n=1 at T<<TC, n=2 at 
T>>TC and n=0.75 near TC. 
For comparison of experimentally determined adiabatic temperature change in ∆T(H) 
with the calculated ∆SM(H) values it must be used the relation binding ∆T and ∆SM [33]:
 
( )HM CSTT /∆−=∆
. 
This expression is valid away from TC, where the CP does not depend on H 
and near TC in low magnetic fields, what agrees with our results.  It follows that field dependence 
∆SM and ∆T must have identical character, and if one follows the results in [39], then ∆T~H0.75, 
while experiment has shown the ∆T~H0.91. The observed differences in exponent can be easily 
explained if we consider the dependence of the heat capacity on the magnetic field: CP decreases 
near TC with increase of the field [20], which must lead to increase in dependence of ∆T on H. 
Using the expression ∆T=α⋅H0.91, resulting from measurements in the low fields for the MCE 
extrapolation to the strong fields, we derive ∆T=2.05 K and 1.66 K for La0.87K0.13MnO3 and 
La0.85K0.15MnO3, respectively, at ∆H=10 kOe. These values already more less than the values, 
obtained by linear extrapolation, and close to the values, presented in the work [22]. Hence, it 
follows that the real values of MCE in the strong magnetic fields are possible to receive by 
investigating field dependences of MCE in the low fields. 
Let’s compare the MCE values, obtained by different methods. We fail to compare the 
results of our researches in low fields with literature   data, since there are no any data in 
literature of it.  The data about   direct measurements of adiabatic temperature change in the 
strong fields are also absent. There is only estimation of ∆T from the data on magnetization [21 - 
23]. According to [22, 23], the MCE value with change of the field by 10 kOe are 1.79 K and 
2.06 K for the compositions with x=0.1 and 0.15, respectively. In comparison with the results of 
our direct measurements by the classical method [20], these data are about twice as much. The 
distinction in MCE values, obtained by different methods can be explained as by various errors 
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of used methods, so by the distinction in quality of the models through the different techniques 
of their preparing. Direct measurements always give the understated values relative to the basic 
values of MCE.  It is caused by the fact that the basic parameter, determinating the accuracy of 
direct measurements, the heat insulation, cannot be reduced to zero, and the measured value of a 
temperature change will be less than the actual due to the heat dissipation. When the MCE is 
measured by the classical magnetic method, the rise time of the magnetic field usually takes 
several seconds, and the energy gained by the lattice from the magnetic field is partially 
evaporating for this time (because of  bad vacuum, the leakage of heat over measuring wires, 
etc). In case of using the modulation method the rise (fall) time of the field is t=(1/4ν), where ν 
is the frequency of the voltage supplied to the electromagnet. For ν=0.3 Hz, the rise time of field 
from zero to amplitude value will be t≈0.8 s. When ∆H is low, ∆T will be low too (by 0.1 K and 
less at the amplitude of magnetic field 500 Oe). The low gradient of temperature between the 
sample and the environment means that a speed of heat dissipation will be slow. Moreover, for 
the registration the temperature oscillation is used a differential thermocouple, junction of which 
is flattened to the thickness of 3-5 µm, what strongly reduces a thermocouple persistence, and a 
large contact area substantially improves thermal contact. Therefore, a use of the modulation 
method will provide more precise, true MCE values. 
The equally important advantageous aspect of  the modulation method is that it allows 
not only to measure the MCE with high accuracy, but also to determine a type of magnetic 
ordering (ferromagnet, antiferromagnet), and to observe the evolution of a change in volume 
fractions, what was successfully demonstrated recently for Pr1-xAgxMnO3 [40]. A disadvantage, 
limiting a usage of this method, is a lack of the source of high-frequency magnetic fields. This 
disadvantage can be removed soon. 
Conclusion 
Thus, MCE in the manganites of La1-xKxMnO3 is investigated by two independent 
methods: 1. classical straight method; 2. magnetic field modulation method. The advantages and 
disadvantages of each method and reasons for the observed differences in results are discussed.  
The TC values estimated on the basis of MCE data coincide with the data defined by other 
method. The MCE in strong magnetic fields is shown to be estimated by means of precise 
measurements of MCE in low fields. 
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Table 1. Unit cell parameters of La1-xKxMnO3+δ solid solutions at room temperature. 
 
x in La1-xKxMnO3+δ hexagonal unit cell 
rhombohedral unit cell 
a, Å c, Å V, Å3 a, Å α, degrees 
0,000 5,5256(3) 13,3384(9) 352,69(3) 5,4722(3) 60,646(6) 
0,050 5,5204(3) 13,3565(9) 352,51(3) 5,4754(3) 60,544(6) 
0,100 5,5212(3) 13,3750(9) 353,10(3) 5,4807(3) 60,489(6) 
0,110 5,5191(3) 13,3788(9) 352,93(3) 5,4810(3) 60,460(6) 
0,130 5,5171(3) 13,3857(9) 352,86(3) 5,4822(3) 60,422(6) 
0,150 5,5102(3) 13,3831(9) 351,91(3) 5,4792(3) 60,375(6) 
0,175 5,5064(3) 13,3849(9) 351,47(3) 5,4784(3) 60,338(6) 
 
Table 2. Chemical analysis for samples of nominal composition La1-xKxMnO3+δ  
 
Nominal composition Determinated composition 
La/Mn K/Mn La/Mn K/Mn 
1.000 0.000 0,995(8) — 
0.950 0.050 0,947(8) 0,048(8) 
0.900 0.100 0,896(6) 0,095(6) 
0.890 0.110 0,891(7) 0,112(8) 
0.870 0.130 0,870(8) 0,124(9) 
0.850 0.150 0,850(6) 0,146(9) 
0.825 0.175 0,825(6) 0,173(6) 
0.800 0.200 0,803(6) 0,192(9) 
 
Table 3. Some characteristics of the investigated samples. 
 
x Tmax, K (CP) Tmax, K (dCP/dT) 
Tmax, K 
(MCE) 
∆T 
∆H=500 Oe 
∆S, J/kg K 
∆H=500 Oe 
0.05 - - 186.3 0.021 0.042 
0.10 271.62 274.77 274.5 0.089 0.185 
0.11 287.90 291.82 287.9 0.101 0.197 
0.13 308.46 310.03 309.9 0.136 0.262 
0.15 324.67 327.11 327.9 0.108 0.194 
0.175 332.84 337.68 337.0 0.067 0.117 
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Fig. 1. Powder XRD pattern of the solid solutions La1-xKxMnO3+δ (0≤x≤0.2): (a)-general view, 
(b)-enlarged region of (111)-pseudocubic reflection, showed indices corresponded to hexagonal 
unit cell. 
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Fig. 2. Potassium content dependence of unit cell parameters of the La1-xKxMnO3+δ solid 
solutions (0≤x≤0.175). 
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Fig. 3. Dependence of MCE for La1-xKxMnO3  on the temperature with a change in the magnetic 
field ∆H=500 Oe (modulation method) 
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Fig. 4. Illustration of the TC determination by MCE data. 
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Fig. 5. MCE for the system of La1-xKxMnO3 with ∆H=11 k Oe (classical direct method).   
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Fig. 6. Dependence of MCE for the samples La0.87K0.13MnO3 and La0.85K0.15MnO3 on the 
magnetic field near TC. Dotted lines mean the linear extrapolation.  
